CHLOROTHIAZIDE and its derivatives have attracted great interest because of their powerful saluretic effect in cedematous states and their potentiation of drugs that lower the blood pressure. Most evidence suggests that its most powerful effect is related to the sodium diuresis and, more particularly, to the fall of plasma volume that frequently accompanies sodium loss. The reduction of plasma volume makes patients more sensitive to ganglion-blocking and other pressure-lowering drugs (Dustan et al., 1959) . This has been confirmed by infusing salt-free dextran solution to replace the measured fall in the plasma volume in hypertensive patients treated with chlorothiazide. These infusions cancel the increase in sensitivity to a standard dose of pentolinium during treatment with chlorothiazide. A modest fall in pressure on standing is sometimes found in patients on chlorothiazide alone which is associated with the largest falls in the plasma volume (Dollery et al., 1959; Wilson and Freis, 1959) . As might be expected, patients who have had a previous sympathectomy are particularly sensitive to chlorothiazide.
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These facts do not exclude the role of other long-term effects of sodium depletion. Conway and Lauwers (1959) have suggested that the peripheral resistance may fall after prolonged administration of chlorothiazide. We have no evidence on this point and comparatively small long-term changes in the peripheral resistance are hard to detect.
We have recently shown some new and striking effects of chlorothiazide on the action of the ganglion-blocking drug, pempidine. We used a sensitive fluorimetric method of estimating pempidine in body fluids and showed that the hypotensive response closely followed the plasma pempidine concentration, which was very predictable for a stated dose (Dollery et al., 1960) . When the patients were given both pempidine and chlorothiazide the plasma pempidine concentrations were much higher than before, although there was only a small increase in the hypotensive response. Patients having maintenance treatment with pempidine responded similarly: when chlorothiazide was added to the daily regime there was a twoor three-fold increase in the plasma pempidine concentration although any further fall in blood pressure was only moderate.
Chlorothiazide makes urine alkaline, which could reduce renal excretion of pempidine by non-ionic diffusion (Scribner et al., 1959) . In practice this was unimportant. Chlorothiazide caused only small transient changes in urinary pH (e.g. from 6 to 7). When chlorothiazide was added to a steady intravenous infusion of pempidine the excretion of pempidine hardly changed although the plasma pempidine concentration became two or three times higher than before. As a result the renal 'clearance was reduced to about one-third of its former value. These changes in renal pempidine clearance occurred although the urinary pH was maintained nearly constant.
Since in the presence of chlorothiazide high plasma pempidine concentrations produced a hypotensive response much less than expected, it seemed that the pharmacological activity of pempidine was altered by chlorothiazide. This was convincingly demonstrated when standard intravenous doses of pempidine were given before and after chlorothiazide. In patients having no other drugs the plasma pempidine concentration fell very rapidly. When similar intravenous doses were given after chlorothiazide the plasma concentration fell much more slowly and throughout the one-hour period of study it remained about seven times higher than before. Despite the high plasma concentrations of pempidine there was only a very slight further fall of blood pressure. It was necessary to give chlorothiazide either orally or intravenously at least an hour before the pempidine if the effect were to be produced. Intravenous injections of pempidine still give a high plasma concentration three days after the last oral dose of chlorothiazide ( Fig. 1 ). Chlorothiazide given intravenously some hours after the last dose of pempidine provoked a rise in the plasma pempidine concentration, although there was no effect on the blood pressure.
These results led us to examine other diuretics to see if they had similar properties. Mersalyl had a similar action, although the plasma pempidine concentrations were not quite so high and the effect had disappeared three days after the dose. Acetazolamide did not alter the plasma pempidine concentration.
It seemed that chlorothiazide profoundly altered the transfer of pempidine to and from the plasma; we therefore investigated the distribution of pempidine between tissues, with and without Section of Experimental Medicine and Therapeutics Minutes after 2-5 mg Pempidine i.v.
FIG. 1.-Plasma pempidine concentration and the red-cell/plasma concentration ratio for 60 minutes after an intravenous injection of 2 5 mg pempidine.
On the first occasion the pempidine was given alone, on the second after two oral doses of chlorothiazide and on the third, three days after the last jose of chlorothiazide.
chlorothiazide. Since in man erythrocytes are the cells that are most easily obtained we measured the plasma and red cell concentrations of pempidine at intervals for an hour after an intravenous dose. When pempidine is given intravenously without chlorothiazide the pempidine concentration is higher in the cells than in the plasma. Five minutes after the injection the ratio of concentrations in red cells and plasma is about 2-0: 1 and at the end of an hour it has fallen to about 1 -2 :1. Both concentrations fall rapidly throughout the hour and it seemed possible that the changes in the distribution ratio were a consequence of this, until we were able to produce a similar change in vitro where the changes in the plasma concentration were small. One ml solution of pempidine in saline was added to 40 ml heparinized whole blood incubated at 370 C and 4-ml samples of the mixture were taken 1, 3, 5, 10, 30 and 60 minutes after the addition of the pempidine. These samples were centrifuged and the concentration of pempidine in cells and plasma was measured separately. At one minute the ratio of pempidine concentration in cells to that in plasma was 1-3 :1, at five minutes 2-I: 1 and at one hour 1-2 1.
When an intravenous injection of pempidine was given after chlorothiazide the high sustained plasma concentration was paralleled by a slightly lower, but still high, cell concentration. The redcell/plasma concentration ratio was now 0 7 :1 and did not change throughout the hour. Identical results were obtained when whole blood was incubated with chlorothiazide for an hour before adding pempidine. Equilibrium was reached by the time of the first sample at one minute and the red-cell/plasma concentration ratio remained at 0*7:1 for the whole hour. When mersalyl was substituted for chlorothiazide both in vivo and in vitro, a constant red-cell/plasma concentration ratio of 1 0:1 was found.
Studies of distribution in the tissues of rats showed similar changes in the red-cell/plasma concentration ratio. There were also small decreases in the amount of pempidine in spleen, lung and voluntary muscle. The most economical hypothesis to explain these results seemed to be that chlorothiazide caused pempidine to be bound to plasma proteins. Equilibrium dialysis showed that this was indeed so. Solutions of serum albumin and pempidine were allowed to equilibrate for forty-eight hours and the concentration of pempidine in both solutions was estimated fluorometrically. Equal concentrations of pempidine were found in the two compartments, showing that the drug had not interacted with the protein to any significant extent. When chlorothiazide was added to the system the concentration of pempidine in the protein solution was substantially increased, some of the drug now being bound to the protein.
For concentrations of chlorothiazide in the range 1I 3-24-6 ug/ml between 16 and 68% of the pempidine was bound to protein (Fig. 2 ).
1% 7 cIh 9 .9 z or Chlorothiazide concentration pq / Iml   FIG. 2. -The ratio of bound to total pempidine plotted against chlorothiazide concentration in an equilibrium dialysis system containing bovine serum albumin at a concentration of 1 g/100 ml.
We do not know the precise nature of the association that occurs between chlorothiazide (or mersalyl), pempidine and protein. Chlorothiazide itself is extensively bound to plasma protein (up to 70% in our experiments) and it is possible that the protein-bound chlorothiazide becomes directly linked to pempidine, though it is difficult to accept this hypothesis. Intravenous studies showed that the effect of chlorothiazide on pempidine persisted for at least seventy-two hours, whereas the diuretic effect of chloro-thiazide lasts for only twelve to eighteen hours and it is very unlikely that much of the drug remains in the body for as long as three days. It is possible that enough chlorothiazide is bound to protein to produce the effects we have observed but our methods of assaying chlorothiazide are not sensitive enough to detect it. Alternatively, chlorothiazide may modify the protein surface in some way so that pempidine could still be bound after the chlorothiazide has been entirely removed.
From our data on protein-binding of pempidine it is possible to explain many, but not all, of our observations with hypertensive patients. If we assume that 70% of the pempidine is bound to protein, chlorothiazide would produce high plasma pempidine concentrations with little change in the hypotensive response because the free, phatmacologically active pempidine concentratiori would remain about the same. The change ini renal clearance of pempidine is also compatible with this degree of protein-binding if it is assumed that the bound pempidine is neither filtered at the glomierulus nor available for tubular excretion. However, it is much more difficult to reconcile protein binding of pempidine with the changes in red-cell/plasma distribution ratio caused by chlorothiazide, both in vivo and in vitro.
No satisfactory explanation can yet be given for the changes in the pempidine concentrations of red cells and plasma seen in the intravenous studies. Pempidine alone is rapidly cleared from the plasma. After chlorothiazide a large part of it is bound to protein, so the total plasma pempidine concentration decreases only slowly; but there is no reason to suppose that the diffusible fraction will not still be cleared rapidly. Presumably the fall in plasma pempidine concentration would be regulated by the rate of dissociation of the pempidine-chlorothiazide-protein complex, but then the free pempidine concentration and the hypotensive response would be very low. If this is so the high concentration of pempidine in red cells is unexplained, for this must depend upon the concentration of the unbound pempidine in the plasma. It seems probable therefore that chlorothiazide in some way also changes the affinity of red cells for pempidine.
Despite these remarkable interactions there is very little change in the pressure-lowering effect. Clinical observation suggests that when pempidine i4 given with chlorothiazide its action beromes more uniform and more prolonged, possibly because the large fraction that is bound to protein acts as a buffer.
It is a very curious chance, if chance it be, that two diuretics with a similar saluretic effect, mersalyl and chlorothiazide, should have such a closely similar action on the binding of pempidine to plasma protein.
Chlorothiazide is a useful adjuvant to other more potent drugs in the treatment of hypertension. The greater part of this action depends upon sodium depletion and reduction of plasma volume-an effect similar to a strict low salt diet. A subsidiary action of great theoretical, and some practical importance is the change in distribution and handling of pempidine that occurs mainly as a result of binding to plasma proteins.
